Amalgam-composite interfaces are created by several dental procedures (1) (2) (3) (4) (5) . Cementing fixed prostheses and orthodontic brackets to dental surfaces restored with amalgam has become common, with the modern resin composite cements and bonding techniques (1, 6, 7) . Repairing amalgam restorations, by adding fresh amalgam or resin composite, can provide a less invasive procedure than its complete removal and replacement, whenever it is desirable to reduce further trauma to the tooth or to avoid additional stress to the patient (4, 8) . Finally, since esthetics has become a strong concern to both clinicians and patients, the application of resin composite veneers over existing amalgam restorations has been mentioned by several authors (3, (9) (10) (11) (12) (13) (14) . Several systems have been described to provide bonding of resin composites to amalgam. Macromechanical retention techniques have been initially suggested such as undercuts, grooves and pins (9, (11) (12) (13) 15) . More recently, the use of microretention and bonding agents has been proposed (2, 3) . Several authors have studied the influence of different adhesive systems and amalgam surface treatments, such as roughening and airborne particle abrading, on the adhesive strength between resin composite and amalgam, with varying results (4, 8, (16) (17) (18) (19) . Most studies suggest that airborne particle abrading the amalgam surface results in higher shear bond strengths than grinding with conventional abrasive instruments (5, 7, (19) (20) . However, another study did not find any bond strength improvement by abrading the amalgam surface (8) .
The influence of the aging period of the existing amalgam on the bond strengths has been previously investigated (8) . However, most previous studies used short-term aging periods, usually ranging between freshly condensed unset amalgam and 21 days (1, 6, 8, (16) (17) (18) (19) . Since amalgam alloys are subjected to continuous changes as a result of mechanical forces, corrosion and slow solid-state phase changes (21) , older amalgams may behave in a different manner. The adhesive strength between resin composite and amalgam with a longer aging period has not been previously investigated.
The objectives of this in-vitro study were (1) to compare two different surface treatment techniques and (2) to evaluate the effect of three different adhesive agents on the shear bond strength between a resin composite and a dental amalgam submitted to a long term aging period (365 days).
In this study, the shear bond strength between old amalgam and composite was investigated. Dentists commonly use a variety of methods to improve the retention between two different materials. Accordingly, in order to produce micro-retentions, old amalgam was airborne particle abraded or roughened with a greenstone (19) . To further promote the adhesion, three adhesive systems were used before the application of the resin composite on the treated amalgam surface.
A Eddy, NY, USA). All specimens were then stored in distilled water at 37º C for 365 days, with the water being changed every month (22) .
Prior to resin composite bonding, half of the specimens were airborne particle abraded with 50 Ìm aluminum oxide using a
Microetcher Erc (Danville Engineering, San Ramon, CA, USA) and the other half was roughened with a greenstone (Shofu Inc., Kyoto 605, Japan) using a handpiece (Faro F632, Faro USA, Burlingame, CA, USA) at 30.000 rotation per minute. The load on the bur was standardized by the operator performing the procedure with very light hand pressure to achieve a visually roughened surface (23) . All specimens were etched with 35% phosphoric acid (Scotchbond Etchant, batch nº 4AT, 3M Dental Products, St Paul, MN, USA) in order to remove the abrasive particles from the amalgam surface.
The specimens were divided in 6 groups of 10 specimens each, according to the possible combinations between the two surface treatments and the three bonding agents. The sample size (n=10) was determined using an estimated significance level of 0.05 and a power of 0.8. The adhesive systems used were Amalgambond, All-Bond 2, and Scotchbond 1 ( 
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The specimens were stored in water at 37ºC for 7 days, and thermocycled for 500 cycles between 5ºC and 55ºC with a 20- After abrading the old amalgam surface and prior to bonding, representative specimens of both amalgam surface treatments were prepared, observed and photographed using a scanning electron microscope (Hitachi S-450, Hitachi Ltd., Tokyo, Japan).
The differences in mean shear bond strength among the different groups were determined initially using a two-way analysis of variance (ANOVA). Given cross-product interactions, two one-way ANOVA for each surface treatment were conducted, along with Student-Newman-Keuls' post-hoc tests to detect which means differed. The normality of the data distribution and the equality of variance were evaluated using Kolmogorov-Smirnov and Bartlett tests, respectively. Surface treatment and adhesive system were used as the independent variables and the level of statistical significance was set at 5%.
Mean shear bond strengths ranged from 12.3 MPa to 16.8
MPa, for the airborne particle abraded specimens, and from 6.9
MPa to 8.2 MPa, when roughening with a greenstone (Figure 2 ). Two-way ANOVA showed that the surface preparation technique significantly affected the shear bond strengths (p<0.001).
The effect of the bonding agent was not significant (p=0.168). 
RESULTS
A statistically significant interaction (p=0.025) was also found between these two factors, indicating that the effect of the adhesive system differed by method of surface treatment. Accordingly, the data for each surface treatment were analyzed in two separate one-way ANOVAs followed by Student-Newman-Keuls' posthoc tests. These analyses showed statistically significant differences (p=0.047) between Scotchbond 1 and All-Bond 2 in the airborne particle abraded specimens, but no significant differences (p=0.371) between the specimens roughened with a greenstone.
Bond failures (Table 2 ) occurred predominantly at the amalgam-adhesive interface. A small percentage (8%) of adhesivecohesive failures was also found, in the airborne particle abraded groups. Cohesive failures, either at the resin composite or the aged amalgam, were not found.
Scanning electron microscope evaluation showed that aluminum oxide airborne particle abrasion created a rougher (significantly more retentive) surface than abrading with a greenstone which creates mainly grooves and ridges on the amalgam surface ( Figures 3 and 4) .
In the present in-vitro study, using an aging period of 365 days, the mean shear bond strengths ranged between 12.3 and 16.8 MPa when the specimens were submitted to airborne parti- cle abrasion, and between 6.9 and 8.2 MPa for the specimens roughened with a greenstone. These values are close to the bond strength to etched enamel which range from 15 to 25 MPa, depending on the resin and the testing method used (24) .
Under the conditions of the present investigation, surface treatment was the most influent factor on the bond strength between resin composite and an aged dental amalgam. When the two types of surface treatment were compared, the mean values obtained with airborne particle abrasion showed an 89% increase. These results corroborate the findings of previous studies (5, 7, (19) (20) , showing that airborne particle abrading the amalgam surface using a 50 Ìm aluminum oxide powder can dramatically increase the shear bond strength of several adhesive systems to old amalgam.
The increased surface area and an improved mechanical interlocking of the adhesive system have been suggested as the main factors leading to this bond strength increase (19) . A previous study showed that airborne particle abrading with aluminum oxide produces an increase of 30% to 90% of the surface area of nickel-chromium and palladium-silver alloys, increasing simultaneously the surface wettability by reducing the contact angle between several adhesive systems and these alloys (25) .
The present data suggest that amalgam surface characteristics have more influence in the bond strength between amalgam and composite than the adhesive system used. In this study, the general effect of the adhesive system on the shear bond strengths was a minor one. However, a significant difference was found between Scotchbond 1 and All-Bond 2, in the airborne particle abraded specimens. These results are in agreement with previous publications (5, 16, 18) . The stereomicroscope observation of the fractured specimens showed adhesive failures in most specimens. A combination of adhesive-cohesive fractures was found in 16% of the airborne particle abraded specimens, suggesting that the adhesive strengths approached the cohesive resistance of the resin composite itself.
It was concluded that under the conditions of the present study, airborne particle abrading the amalgam surface significantly increases the shear bond strength, when compared with roughening with a greenstone. The adhesive system used did not significantly influence the results to the same degree, with the exception of the difference between Scotchbond 1 and AllBond 2, in the airborne particle abraded specimens.
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